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I. Introduction

The purpose of this memorandum is to describe model
emission points and model plants that were developed to
characterize affected sources under the MACT standard for the
pesticide active ingredient (PAI) manufacturing source category.
Model emission points (i.e., process vents, equipment leak
components, storage tanks, wastewater systems, and bag dumps and
product dryers) were developed for estimating the environmental
and cost impacts of regulatory alternatives. Model plants (i.e.,
various combinations of the model emission points) were developed
for estimating economic impacts.

There are an estimated 78 plants nationwide that would be
affected sources under the MACT standard for the PAI
manufacturing source category.1 Information is available for 20
of these plants, leaving 58 to be modelled. The 20 facilities
for which information is available are referred to in this
memorandum as "surveyed" plants, and the other 58 plants are
referred to as "modelled" plants.

To simplify the impacts analyses, models were developed to
characterize each of the 20 surveyed plants. The same models
were then used to characterize the 58 additional plants. The
procedures used to develop the models and the characteristics of
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the models are described in the remainder of this memorandum.
Model process vents, equipment leaks, storage tanks, wastewater
systems, and bag dumps and product dryers are described in
sections II through VI, respectively. Sections VII and VIII
cover the model plants for existing and new sources,
respectively. Section IX lists the references.

IT. Model Process Vents

Most of the available process vent emissions data are for
manifolded streams, not individual vent streams. Therefore,
model process vents were developed on a process basis. In the
remainder of this discussion, the terms "emissions" or "process
emissions" refer to aggregated emissions from all of the vents
associated with a process.

Each of the 58 modelled plants are estimated to have 2 PAI
processes, for a nationwide total of 116 "projected" processes.
As noted in the data summary memorandum, the 20 surveyed plants
have a total of 93 processes, for an average of 4.7 per plant.2
This is believed to be higher than the industry average because
an effort was made to obtain information from some of the known

2 In addition, a 1986 survey by EPA’'s Office of

large plants.
Water found that more than half of the plants in the industry
produced only one active ingredient. The 1986 survey also found
an average of about 2 processes per plant (although it did not
account for production of intermediates in separate processes,
and it may not have covered all active ingredients that were
produced at the plant).3 The estimate of two processes per plant
for this modelling analysis was selected to be consistent with
those findings.

Table 1 shows the distribution of processes at the surveyed
plants and the assumed distribution of projected processes.
Batch and continuous processes with organic HAP emissions account
for more than 85 percent of the surveyed processes. Many of
these processes also emit HCl. Models were developed based on
these processes because it is expected that they are also the
most prevalent in the rest of the industry.



TABLE 1. DISTRIBUTION OF SURVEYED AND MODEL PROCESSES?

Surveyed processes Projected processes
Uncontrolled Uncontrolled Uncontrolled Uncontrolled
emissions emissions emissions emissions

Type of process = cutoff < cutoff = cutoff < cutoff
Batch with organic HAP 46 17 67 23
Continuous with organic HAP 18 0 26 0
Batch with only inorganic 1 2 0 0
HAPP
Continuous with only 1 0 0 0
inorganic HAPY
Batch/continuous 8 0 0 0
Total 74 19 93 23

TThe cutoff is 0.15 Mg/yr for organic HAP and 6.8 Mg/yr for HCIl (72 surveyed processes exceed the
organic HAP cutoff, and 2 additional surveyed processes exceed only the HCI cutoff).
organic HAP includes HCIl, chlorine, hydrogen cyanide, and hydrazine.

To simplify the analysis, unique models to represent other
types of processes and other types of HAP emissions were not
developed. Also, such processes can be adequately represented by
the existing models. For example, unigque models for processes
that are a combination of batch and continuous operations were
not developed because these processes also have organic HAP
emissions, and it is believed that the impact of regulations on
such processes can be adequately estimated by representing some
as batch processes and others as continuous processes. Unique
models for processes that emit only inorganic HAP (typically HC1)
were not developed because some of the models for processes that
emit organic HAP also emit HCl. Thus, using model processes that
emit both HCl and gaseous organic HAP to represent processes that
emit only HCl is expected to provide a worst case estimate of
emissions and cost impacts.

According to the data in Table 1, the surveyed plants have
74 processes with uncontrolled HAP emissions equal to or greater
than cutoffs established in the MACT floor memorandum (i.e.,

0.15 Mg/yr for organic HAP and 6.8 Mg/yr for HCl emissions) and
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19 processes have lower emissions (i.e., 80 percent and 20
percent, respectively).4 Based on the assumption that this
distribution is applicable in the industry as a whole, 93 of the
116 projected processes were characterized with uncontrolled HAP
emigsions above the cutoffs, and 23 were characterized with lower
uncontrolled HAP emissions. The number of processes with
uncontrolled emissions above and below the cutoffs was determined
because the MACT floor control level differed for the two
groups.4

The distribution of batch and continuous projected
processes was based on the distribution of surveyed processes.
As shown in Table 1, the surveyed plants have 46 batch and 18
continuous processes with organic HAP emissions equal to or
greater than the cutoffs (i.e., 72 percent batch and 28 percent
continuous). Applying this same ratio to the 93 projected
processes with uncontrolled emissions equal to or greater than
the cutoffs resulted in 67 batch processes and 26 continuous
processes. The same methodology was used to estimate the
distribution of the 23 projected processes with uncontrolled
emissions below the cutoffs.

Four model processes were developed to characterize the 93
projected processes with uncontrolled HAP emissions equal to or
greater than the cutoffs. Table 2 shows the operating parameters
and uncontrolled emissions for the four groups of processes at
the surveyed plants that were used to develop these models. The
resulting parameters for the model processes are shown in
Table 3. No model processes were developed to characterize the
23 projected processes with uncontrolled emissions below the
cutoffs because no regulatory alternatives were developed for
these processes.

The primary parameters used to differentiate among the
models were the type of HAP (chlorinated or unchlorinated) and
the type of process (batch or continuous). The type of HAP was
used because emissions streams with chlorine often require
additional control equipment to remove, or prevent the formation
of, HCl. The type of process was selected as a critical



TABLE 2. SUMMARY OF PROCESS VENT CHARACTERISTICS AT SURVEYED PLANTS

Process Uncontrolled emissions, Mg/yr
Plant Process operating Chlorinated Unchlor-
no. no. B/C hriyr organics inated HCI Other Total
15 57 B 3,960 0 0.276 0 0 0.276
1 36 B 7,776 0 0.399 0 0 0.399
21 70 B 127 0 0.447 0 0 0.447
15 58 B 5,220 0 0.679 0 0 0.679
3 12 B 4,176 0 0.782 0 0 0.782
21 71 B 148 0 0.820 0 0 0.820
21 72 B 169 0 0.857 0 0 0.857
21 73 B 189 0 0.969 0 0 0.969
14 46 B 288 0 1.00 0 0 1.00
22 81 B 300 0 1.38 0 0 1.38
8 22 B 2,208 0 1.41 (@) 0 1.41
15 54 B 5,784 0 1.59 0.157 0 1.74
14 43 B 792 0 1.74 0 0 1.74
14 44 B 696 0 1.76 0 0 1.76
14 47 B 576 0 228 0 0 2.28
14 45 B 840 0 3.19 0 0 3.19
22 77 B 1,184 0 454 0 0 4.54
22 76 B 1,776 0 454 0 0 454
21 69 B 570 0 5.81 0 0 5.81
6 16 B 4,404 0 16.5 0 0 16.5
22 78 B 1,036 0 23.8 o] 0 238
12 38 B 1,170 0 243 0.00014 7.7 320
21 68 B 4,056 0 28.5 0 0 285
7 17 B 6,072 0 33.0 0 0 33.0
19 64 B 6,318 0 343 0 0 343
22 85 B 1,542 0 66.7 o] 0 66.7
20 66 B 840 0 81.8 0 0 81.8
22 84 B 2,496 0 96.3 0.101 0 96.4
23 90 B 1,340 0.00771 0.198 0.410 0 0.616
23 89 B 2,320 0.0132 0.342 0.710 0 1.07
17 60 B 1,548 0.337 0 0 0 0.337
23 92 B 360 0.486 1.39 0.00064 0.00045 1.88
3 7 B 8,160 0.693 0 0 0 0.693
22 83 B 1,946 227 6.27 0 0 289
23 93 B 4,150 40.1 18.6 0.557 0 59.2
5 15 B 6,039 42.8 9.05 0 0 519
22 82’ 8 8,760 454 122 0 0 57.5
8 20 B 2,208 0.0454 15.2 6.80 0 221
3 11 B 8,160 0 0.403 9.00 0 941
12 - 37 B 1,368 0 4.59 11.0 0 15.6
21 67 B 8,400 0 129 12.0 0 141
12 40 B 1,568 328 15.4 26.7 0 749
23 94 B 4,370 265 385 331 0 98.1
22 79 B 432 8.30 0 54.4 0 62.8
22 75 B 4,500 53.1 0 349 0 402
9 24 B 5,568 0 0 356 0 356




TABLE 2. SUMMARY OF PROCESS VENT CHARACTERISTICS AT SURVEYED PLANTS (CONTINUED)

Process Uncontrolled emissions, Mg/yr
Plant Process operating | Chlorinated Unchilor-
no. no. B/C hr/yr organics inated HCI Other Total
5 14 Cc 7,464 0 0.916 0 0 0.916
22 80 Cc 456 0 1.81 0 0 1.81
17 61 C 1,920 0 8.19 0 0 8.19
17 62 C 2,424 0 15.3 0 0 15.3
17 63 C 8,064 0 200 0 0 200
1 2 C 336 0.0459 5.59 0.0262 0 5.66
1 4 C 720 0.0751 9.14 0.0428 0 9.26
1 3 Cc 720 0.158 19.3 0.0904 0 19.5
7 18 C 5,300 0.181 12.6 0 0 12.8
1 1 C 5,040 1.11 135 0.633 0 137
10 27 Cc 7,680 31.3 0 0 1.39 327
3 6 C 8,136 50.9 0 0 0 50.9
11 33 Cc 7,176 60.3 4.4 0.761 0 65.5
8 23 Cc 7,896 0 0 14.5 0 14.5
8 19 C 7,896 0.0431 202 13.2 0 215
23 91 Cc 7,488 4.02 0 117 0 121
12 39 Cc 7,000 199 0 67.2 0 266
9 25 Cc 3,384 18.2 0 174 0 192
22 74 C 5,184 347 0 2,360 0 2,707

(a) No data provided.




TABLE 3. MODEL PROCESS PARAMETERS

Models
Parameters 1 2 3 4

Type of process Batch Batch Continuous Continuous
Type of organic Unchlorinated Chlorinated Unchlorinated Chlorinated
HAP
Typical organic Toluene Methylene chloride Toluene Methylene chloride
HAP , and toluene and toluene
Operating hours, 2,800 2,800 5,000 5,000
hr/yr
Gas flow rate,
scfm

-dilute 2,950 2,080 41,100 32,900

-concentrated 683 21 140 131
Number of vents 6 6 6 6
per process
Uncontrolled
emissions,
Mg/yr/process

HCl 0 66.1 0 295

chlorinated 0 20.9 0 78.9

unchlorinated 13.7 19.1 41.0 22.9
Number of model 48 19 14 12
processes

parameter because batch processes often operate fewer hours,
produce less product, and are more difficult to control than
continuous processes.

The average emissions data for 46 of the 47 batch processes
and all 19 of the continuous processes at the surveyed plants
were used to develop the emissions levels for the four model
processes; the data for these processes are shown in Table 2.
Data for the 8 surveyed batch/continuous processes were not
included in Table 2 because this type of process was not
modelled. Thirty-three of the 47 batch processes emitted
unchlorinated organic HAP, HCl <6.8 Mg/yr, and chlorinated
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organic HAP <7.9 Mg/yr (i.e., the amount of methylene chloride
that would be needed to generate 6.8 Mg/yr of HCl if all of the
chlorine were converted to HCl in a combustion-based control
device). The average uncontrolled organic HAP emissions for
these 33 processes was 13.7 Mg/yr. This level was used for model
process 1. Thirteen of the 47 batch processes emitted
chlorinated organic HAP >7.9 Mg/yr, HCl >6.8 Mg/yr, or both; 10
of these processes also emitted unchlorinated organic HAP. The
average chlorinated organic, unchlorinated organic, and HC1l
emissions for these 13 processes were 20.9, 19.1, and 66.1 Mg/yr,
respectively. These levels were used for model process 2. One
of the 47 batch processes was not used to establish model
parameters because of its characteristics; emissions from this
processes consisted primarily of very high amounts of HCl and
phosgene.

The average emissions data for the 19 continuous processes
at the surveyed plants were used to develop the emissions levels
for model processes 3 and 4. Ten of the 19 continuous processes
emitted unchlorinated organic HAP, HCl <6.8 Mg/yr, and
chlorinated organic HAP <7.9 Mg/yr. The average organic HAP
emissions for these 10 processes was 41.0 Mg/yr. This level was
used for model process 3. Nine of the 19 continuous processes
emitted chlorinated organic HAP >7.9 Mg/yr, HCl >6.8 Mg/yr, or
both; 2 of these processes also emitted unchlorinated organic
HAP. The average chlorinated organic, unchlorinated organic, and
HCl emissions for these 9 processes were 78.9, 22.9, and 295
Mg/yr, respectively. These levels were used for model process 4.

The distribution of the processes in Table 2 was also used
to determine the distribution of the four model processes among
the 93 projected processes with uncontrolled HAP emissions equal
to or greater than the cutoffs. Of the 46 batch processes in
Table 2, 33 were used to develop the emissions level for model
process 1, and 13 were used to develop the emissions level for
model process 2. This same ratio was applied to the 67 projected
batch processes from Table 1, resulting in 48 processes
represented by model process 1 and 19 processes represented by
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model process 2. Of the 19 continuous processes in Table 2, 10
were used to develop the emissions level for model process 3, and
9 were used to develop the emissions level for model process 4.
This same ratio was applied to the 26 projected continuous
processes in Table 1, resulting in 14 processes represented by
model process 3 and 12 processes represented by model process 4.

Operating hours were available for all 46 batch processes
and 19 continuous processes in Table 2. Operating hours were
also available for another 13 batch processes with emissions
<0.15 Mg/yr (330 lb/yr).2 The 59 batch processes operated for an
average of about 2,800 hr/yr, and the 19 continuous processes
operated for an average of about 5,000 hr/yr. These values were
used for the model processes.

The typical unchlorinated HAP for the model processes was
assumed to be toluene because it was emitted from the most
surveyed processes and in greater quantities than any other
organic HAP.2 A wide variety of chlorinated organics were
emitted from the surveyed processes. Overall, the chlorinated
HAP’s had an average of about two chlorine atoms per molecule.
Ethylene dichloride, methylene chloride, and phosgene were the
only organic HAP’s with two chlorine atoms per molecule emitted
from processes in the PAC industry.2 Methylene chloride was
emitted in the smallest quantity. However, it was selected for
the model processes for several reasons. First, it was used at
the most plants (one more than the others). Relative to ethylene
dichloride, methylene chloride has a higher vapor pressure, lower
heat of combustion, and nearly the same heat of condensation.
These characteristics would make methylene chloride more
difficult to control and more costly to control. Thus, using
methylene chloride in the model would result in a worst-case
impacts analysis. Phosgene was not selected because it is not
combustible and decomposes in water; thus, it is not
representative of most chlorinated organic compounds.

Two gas flow rates, one for dilute streams and one for
concentrated streams, were estimated for each of the four model
processes. These flow rates are equivalent to the weighted
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average of the flow from a single vent stream created by
manifolding all of the individual vent streams from a process.
The data and procedure used to estimate the model flow rates are

presented in a separate memorandum.?

III. Equipment Leak Models

Two equipment leak models were developed from data for 30
of the 93 processes at the surveyed plants. The equipment
components used in the models are flanges, pumps, valves in gas
service (gas valves), and valves in liquid service (liquid
valves). Other types of components were not included in the
modeling because they were not present in significant quantities.

The component counts for all 30 surveyed processes are
shown in Table 4. The counts for flanges and pumps are as
reported by the plants. Counts for gas and liquid valves were
also available for 17 of the processes, but only the total number
of valves was available for the other 13 processes. Liquid
valves accounted for an average of about 80 percent of the valves
in the 17 processes. This distribution was used to estimate the
number of gas and liquid valves in the other 13 processes.

Parameters for both of the equipment leak models are shown
in Table 5. One of the models characterizes batch processes, and
one characterizes continuous processes. The equipment counts for
models 1 and 2 were developed by averaging the equipment counts
for the batch and continuous processes, respectively, in Table 4.
As noted in Section II, model batch processes were estimated to
operate 2,800 hr/yr, and continuous processes were estimated to
operate 5,000 hr/yr.

Uncontrolled emissions for the models were calculated using
SOCMI average emission factors for connectors, valves in gas
service and light liquid service, and pumps in light liquid

service.®

It was assumed that components were in service 100
percent of the process operating hours and that they were in
contact with process fluid that is 100 percent HAP.

According to section 163.161 of 40 CFR part 63 subpart H,
light liquid service for equipment components means a piece of

equipment in organic HAP service meets the following conditions:
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TABLE 4. EQUIPMENT COMPONENT COUNTS FOR PROCESSES AT SURVEYED PLANTS

Batch or

Number of components

Process Gas Liquid
Number? continuous Flanges Pumps valves valves
1 B 0 0 0 32
2 B 44 0 1 7
3 B 44 0 1 7
4 B 100 1 6 20
5 B 192 0 50 323
6 B 252 3 61 75
7 B 372 6 32 129
8 B 506 7 41 165
9 B 593 11 4 218
10 B 810 2 11 231
11 B 812 4 76 154
12 B 914 14 72 290
13 B 1,098 5 43 278
14 B 1,140 1 126 294
15 B 1,453 20 89 354
16 B 2,839 44 190 762
17 B 2,979 33 191 765
18 B 3,528 53 260 1,040
19 B 3,528 53 260 1,040
20 C 0 13 108 430
21 C 0 128 947 3,788
22 C 980 7 19 392
23 C 1,284 4 35 508
24 C 1,500 33 278 954
25 C 1,500 33 278 954
26 [ 1,500 33 278 954
27 C 1,500 33 278 954
28 C 2,591 28 260 1,330
29 C 2,604 22 251 1,004
30 c 2,740 27 222 386 |
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TABLE 5. PARAMETERS FOR EQUIPMENT LEAK MODELS

Models
Parameters 1 2

Type of model process Batch Continuous
Operating hours, hr/yr 2,800 5,000
Equipment counts

Flanges 1,100 1,500

Pumps? 14 33

Gas valves 65 240

Liquid valves? 340 1,100
Uncontrolled emissions, Mg/yr/process 11.3 46.3
Number of models

At modelled plants 90 26

At surveyed plants 48 11

Total 138 37

aLight liquid service.

(1) the vapor pressure of one or more of the organic compounds is
greater than 0.3 kilopascals (kPa) at 20°C, (2) the total
concentration of the pure organic compounds having a vapor
pressure greater than 0.3 kPa at 20°C is equal to or greater than
20 percent by weight of the total process stream, and (3) the
fluid is a liquid at operating conditions.

Seventy-eight of the 84 processes with organic HAP
emissions use at least one HAP that would satisfy the vapor

2 The concentration

pressure condition for light liquid service.
of HAP in the process fluid is unknown; however, as noted above,
emissions for the equipment leak models were calculated assuming
100 percent HAP. Because equipment count data were provided by
plants that were implementing leak detection and repair (LDAR)
programs, it is likely that they reported only those components
that are in contact with a liquid process fluid at operating
conditions. Thus, all of the modelled ligquid valves and pumps

were assumed to be in light liquid service.
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The equipment count models were used to characterize
components in both the 116 model processes and 63 processes from
the surveyed plants for which equipment counts were not available
(i.e., 93-30=63). Eight of the 63 processes were identified as
combinations of batch and continuous operations; five of these
processes were characterized with the batch model, and three were
characterized with the continuous model. Four of the 63
processes use only inorganic or granular HAP and, thus, would not
have any organic HAP emissions. As a result, Table 5 shows 175
processes represented by the models (i.e., 116+59=175).

IV. Model Storage Tanks

Model tanks were developed by sorting the data from organic
(plus 2 inorganic) HAP storage tanks at major sources. The
characteristics of 82 storage tanks from 16 major sources were
used in the development of model tanks.2 It was assumed that the

number of storage tanks and their characteristics at the
16 surveyed plants are representative of tanks at other plants in
the PAI production industry. Table 6 contains data for the
82 storage tanks that were used to define the model tank
parameters. The primary parameters used to develop the model
tanks include tank capacity, the uncontrolled emissions, and the
control efficiency. The models are based on three capacity
ranges as follows:

1. Models 1 - <20,000 gal;

2. Models 2 - 220,000 and <40,000 gal; and

3. Models 3 - =240,000 gal.
The uncontrolled emission level and the control efficiency were
used to further define the models. Based on uncontrolled
emissions and the control efficiency, three models for each tank
capacity range were developed:

1. A - all tanks with uncontrolled emissions =110 kg/yr

(2240 1lb/yr) and control efficiency =95 percent;

2. B - all tanks with uncontrolled emissions =110 kg/yr

(2240 1b/yr) and control efficiency <95 percent; and

3. C - all tanks with uncontrolled emissions <110 kg/yr

(<240 1lb/yr).



14

$6 1"sy Y6¥S°0 00009 000‘9 IANANTOL LT
68 9'Sy €LED 000°SLT 006°L INOLTY TALNEOSI TAHLAW 9T
0 0°0S P6¥S°0 ¥16°61 000°ST INANTOL 4
06 6'CS SSIv'e 00018 000°01 TONVHLIAN ¢
£°66 ¢SS CI81°0 000°0S€ 00S‘v1 JAMAAHNY DIFTVIN €C
0 79 PT8L'1 0TI‘L L8ETT HTELINOLIFOV 7T
86 6'€9 P6vso 000°SL 00€‘01 HNHNTOL 17
86 9°69 9S1°0 000°T11 00€°01 HAROTHOD ANHTAHLAW/ANINTOL-XIN 0T
86 8'9L SSIP°T 000°€€ 00s°01 TONVHLAW 61
v 811 T0ES°0 ogs‘zee 00S‘€1 ANHNTOL 81
0 V91 129083 0€E’eT 000°C1 ANIZVIdAH TAHLANWIA LT
0 061 €€0°¢ ovs‘el 000°v1 INIZVIdAH TAHLIAWIA 91
0 (474 SSIv'e 0S6°€1T 000°S1 TONVHLIN 9
el 1€¢ v$CS°0 09Z°021°C 069°C1 INdNTOL  ¥1
(44 09¢ 88YC'C 008°SSL 00S‘€1 TONVHLIN €1
0 69¢C eVvPL'1 000091 00S°LT INOLAY TAHLH TAHIAWN 71
0 y6¢ SSIP'T 000°06% 000°ST TONVHLIN 11
14 1233 1816°L 086°CS ovs‘e HARROTHD ANHTAHLIAW 01
86 121 667€°0 00L‘8Y€ 00Z°S IANITAHLHOYOTHOVILAL 6
86 174! Y6v$°0 000°€1C 00£°01 ANANTOL 8
HNHZNHEOYOTHOVXdH/ANVHLHOYOTHOVXdH

86 €8¢ 18€5°0 00L‘LES 00%‘8 AN TAHLIOYOTHOVILAL/AANOTHOVILEL NOFYVO-XIN L
86 0S€ Y6¥S°0 000°018°T 000°ST HNANTOL 9
86 €8y Y6¥S°0 000°0¥9°¢ 000°ST INANTOL S
86 0007 Y6vS°0 000°008°01 000°S1 ININTOL 4
86 0501 (4450 006°vTE 0SL‘ST HANHTAHLHOYOTHOVILAL/AAIOTHOVILAL NOFIVI-XIN €
86 0501 (472! 006‘vCE 0SL‘ST ANHTAHLIOYOTHOVI LAL/AANOTHOVILAL NOHIVI-XIN [4
86 06C°1 1123Y 000°00L VT 000°ST ANHNTOL !

(SIINVL 1) 182 000°07> SHNV.L

% M 3 wisd e8 s dVH "oN

‘Kouerogye ‘SUOTSSTUI® ‘oInssoid “9ndySnoxyy, ‘oZ1s ue], ue],

Tonuo) pafonuooun) Jode A Tenuuy

SHILI'TIOVA AHATAYNS LV STASSHA dOVIOLS "9 H14V.L




15

86 8ty v8¢1°0 000°SS 000°0€ ANANTOL 129

0 L6 L9TT0 00€°0Y 000°LT ANFTAX TS
0 8V€ 7676°'C 008°‘€E 000°02 ANVXAH 1§
0 6L £6€€°1 000°69¢€ 000°0C ANATAHLIOYOTHOML 0§
86 (4Y) ¥6vS°0 8Lb‘89 009°T€ ANANTOL  6F
86 rAnt P6vS°0 000°6L 000°C€ ANANTOL 8%
86 911 L9TT0 LY1‘80€ 000°C€ ANATAX LY
86 811 SSIY'T €816 000°0€ TONVHLAWN 9%
86 981 L9TT0 0TE‘LYL 000‘C€ ANHTIAX  Sb
86 wT S61°1 000°0S2C 000°0€ ANANTOL/IONVHLAW-XIN  +¥
SLS ANAZNAGOYO THOVXdH/ANVHLIOYO THOVXdH
86 1€9 S8TY'1 00Z‘6L1 000°€E /ANATAHLIOYOTHOVILAL/AANOTHOVILAL NOFIVO-XIN  €F
86 09¢‘1 syl 000°0¥1°E 000°LT AANOTHOIA ANATAHLA TP

(SYINV.L 12) 183 000‘0F > Pu® 000°0C= < SYue]]

0 0 2000°0 008‘6 00S‘C dIov JILdOVOYOTHD  1¥

0 10°0 7000°0 009 09L°L1 TOOXTO ANATAHIA  OF

0 ¥0°0 9000°0 000°LL 000°L TOOATO NHTAHLA  6€

0 $0°0 9000°0 000°LL 000°L TOOXTO ANATAHLA 8¢

0 80'0 9000°0 000°¥22 000°L TOOATO ANATAHLA L€

0 ¥$°0 7500°0 000°611 000°‘t1 ANINVTAHLARL/AATOSOTTAD TALNE-XIN  9¢

86 8€°0 850°0 000°TT 000°L AAAHAATVINYOd  S¢

0 'l 9810°0 189°LLT 00091 AANAAHNY DIHTVIN €

0 0'ST L9TT0 091°0%1 £1E°S ANITAX €€

0 9'¢T L9TT'0 091°9%1 €TH°9 ANATAX €

06 8' 1€ SSTP'T 000°8€ 00S°‘L TONVHIAW 1€

0 [943 L9TT'0 091°0%1 LY8Tl ANATAX  Of

06 e 62EV°0 0L9‘E 000°01 ANINTOL 6T

86 8°T¢ TEPL0 008°L 00S°L ANAZNAGOJOTHOIML/ANVXAH-XIN 82

% 5% B3 eisd Te3 3 dVH "N
‘Kousrogo ‘SUOTISSTUI® ‘aInssoig ‘ndySnoxy |, ‘oz1s Jue], Nue]|

[onuo) pajjonuodun Jodep Tenuuy

(penunuoo) SHILITIOV QIAHANNS LV STASSHA HOVIOLS ‘9 AT14V.L




16

86 9'9] $960°0 000°9¢ 000°0% ANATAX/ANAZNAG TAHLA-XIN 78
0 €19 7800°0 000°000°T 000°00S ANIZNAGOJOTHONL 18
0 7'86 7800°0 000°0¥8°Y 000°02T ANAZNIGOJOTHOML 08
86 801 9897°0 000°89 000°¥8 NINAAHONVAD/ANANTOL-XIN 6L
0 LE £€V0°0 7S°690°C 000°0S TONVHLAW/HAAAHAATVINIOI-XIN 8L
0 769 SSIP'T 000°00S 000001 TONVHIAN  LL
w4 060°‘1 £€2T°0 000°CYE‘S 000°L9S‘1 ANATAX 9L
0 09¢°1 SSIP'T PEEOTS 000°SL TONVHIAW  SL
86 LTl y6vS°0 000°T€ 000°0% ANANTOL  vL
86 €2C L9TT0 008079 000°LY ANGTIAX €L
86 ¥6€ L9TT'0 0v0°97T‘T 000°LY ANATAX L
86 1443 SSIP'T $S6°88C 000201 TONVHIANW 1L
86 699 SETS'T ovv oLl 00099 JYdHLd TOOXTD  OL
86 699 S€Ts°1 ovv oLl 000°99 YAHLA TOOATO 69
86 699 SE€TS'1 ovyoLT 000°99 YdHLd TOOATO 89
86 0TT'e Y8yl 000°068°C 000‘¥¥1 dANOTHOIA ANATAHLIA L9
S6 020°‘S 69Y€°0 000°000¥9 000°00S AANOTHD DIINNVAD/ANANTOL-XIN 99
S6 020°S 69%€°0 000°000°v9 000°00S HAMNFOTHD ONMNNVAD/ANANTOL-XIN  §9
6 00S°T1 $6vS°0 000°000°9S 000°00S ANINTOL  +9
6 00S°T1 ¥6¥S°0 000°000°9S 000°00S ANINTOL €9
(SINV.L 07) 123 000°0p= < syue])
0 €€°0 €10°0 ovs‘ot 000°02 ANITINV 79
0 €€°0 €10°0 ovs‘ot 000°0¢ ANITINY 19
0 w 6£10°0 0v6‘79T 00022 HATOSOTTED TALNG 09
0 ov'e 78000 00T‘1€ 000°0€ ANHZNAGOJOTHOIIL 65
0 80" 7$00°0 8YTSLET 000°0€ ANANTOL 8§
86 SO'L S1LO0 000°ST8 009°0¢ TONVHLIAW/AAAHAATVINIOI-XIN LS
0 LTt °9¢61°0 ThL 611 009°ST ANIZVIAAH 9§
0 0'0¢ 7961°0 L66Y9Y 000°0€ ANIZVIAAH  SS
0 T $S8Y°0 000°SLT 000°S€ TONVHIANW  +§
% L™ ersd T3 1e8 dvH “oN|
‘Koustogye ‘SUOTSSTWIO ‘aInssaxg ‘ndySnoxyy, ‘oz1s JueJ, Jue],
[onuo) pajonuodun Jodep Tenuuy

(penunuoo) SHILITIOVA AHAHANNS LV STASSHA OVIOLS 9 414V.L




17

A total of nine model tanks were developed to represent
storage tanks in the PAI manufacturing industry; Table 7 presents
the parameters for each of the models. Data in Table 6 were used
to determine the number of tanks at surveyed plants to be
characterized by each model. For example, 15 of the tanks in
Table 6 have uncontrolled emissions =110 kg/yr (=240 1lb/yr) and
control efficiencies less than 95 percent. Nine of these 15
tanks have capacities <20,000 gal, 2 have capacities =20,000 to
<40,000, and 4 have capacities =240,000 gal. Therefore, these
tanks are characterized by models 1B, 2B, and 3B, respectively.
Table 7 shows the number of tanks at the surveyed plants
represented by each of the 9 model tanks.

The number of storage tanks at the 58 modelled plants was
estimated by extrapolating data from the 20 surveyed plants. The
20 surveyed plants have 82 tanks that store organic liquids.
Assuming the average number of tanks per plant industry-wide is
the same as at the surveyed plants results in an estimated total
of 238 tanks at the 58 modelled plants (i.e., 82 x 58/20 = 238).
This same ratio was used to estimate the number of tanks at the
modelled plants represented by each of the model tanks. For
example, 26 of the 238 tanks are represented by model 1B (i.e., 9
tanks at the surveyed plants multiplied by 58/20 equals 26).
Table 7 shows the number of tanks at the modelled plants
represented by each of the 9 model tanks.

V. Wastewater Systems

As noted in the data summary memorandum, the 20 surveyed
plants reported a total of 72 POD wastewater streams that were
generated from 45 of the 93 processes (48 percent).?
Characteristics of aggregated wastewater streams from each of the
45 processes are presented in Table 8. These characteristics
include: (1) the organic HAP loads and concentrations, (2) the
wastewater flow rates, and (3) the total uncontrolled and
controlled HAP emissions.

If 48 percent of all processes in the industry have
wastewater streams, then an estimated 56 of the 116 model
processes generate wastewater (45/94 x 116 = 56). Two approaches
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were used to develop models to characterize the aggregated
wastewater streams from each of the 56 processes. The first
approach used all of the 72 streams at the surveyed plants as
models; these model streams will be used to estimate baseline
emissions, environmental impacts, and cost impacts. The second
approach developed three model streams based on average
characteristics of streams at the surveyed plants that meet the
applicability criteria for control under the HON (i.e., assuming
the same provisions are part of this regulation); these model
streams will be used as part of the model plants that will be
used for estimating economic impacts. Both approaches are
discussed below.

A. Approach 1

Under approach 1, all of the 72 streams from the 45
processes at the surveyed plants were used as model streams.
Because there were 56 processes to be characterized, the survey
data needed to be extrapolated by a factor of 1.24 (56/45=1.24).
This extrapolation was accomplished in two steps. First, each of
the 45 processes was assumed to represent one of the model
processes. Second, the HAP loads for the 45 processes were
ranked, and each of the 11 processes in the middle of the
rankings (0.24x45=11) was used to represent a second model
process. This distribution allows for the use of whole streams
rather than fractions, and it focuses the analysis on median
streams rather than extremes. The rankings are presented in
Table 8, and the characteristics of the individual streams for
each process are presented in Table 9. 1In Table 9, wastewater
flow rates in L/min were calculated assuming the wastewater is
discharged continuously during the entire process operating time.
The average fraction emitted (Fe) and fraction removed (Fr)
values are weighted averages based on the fractional contribution
of each HAP to the total load in the stream.

Approach 1 was developed for two reasons. First, the
greater variety in streams may help in the process of deciding
what applicability criteria should be established for the
regulatory alternative above the MACT floor. For example, the
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TABLE 9. CHARACTERISTICS OF INDIVIDUAL WASTEWATER STREAMS

rocess ow ow "HAP — Uncontrolied
stream operation, rate, rate, load, conc., emissions, Average Average
Plant (a) hr/yr gallyr {/min Mg/yr ppmw Ma/yr Fe Fr

1 1 5,040 200,000,000 2,503 6.17 8 4.94 0.8 0.99
1 2 336 30,000,000 5,632 0.925 8 0.740 0.8 0.99
1 3 720 12,500,000 1,095 0.386 8 0.308 0.8 0.99
1 4 720 7,500,000 657 0.231 8 0.185 0.8 0.99
3 5 7,809 27,600,000 223 2.06 20 1.61 0.78 0.99
3 6 1,425 411,000 18 0.173 111 0.029 0.17 0.31
3 7 904 11,600 1 1.23 28,046 0.209 0.17 0.31
5 8 6,039 73,417,207 767 6.78 24 2.17 0.32 0.9
7 9 5,304 13,500,000 161 0.907 18 0.835 0.92 0.99
8 10 7,896 130,000,000 1,039 223 453 42 .47 0.191 0.338
10 11 7,296 2,630,000 23 0.181 18 0.170 0.932 0.990
10 12 7,296 36,981,000 320 0.0050 0 0.003 0.64 0.99
11 13a 1,272 908,700 45 20.5 5,977 11.6 0.563 0.990
11 13b 1,272 70,200 3 1.57 5,936 0.887 0.563 0.990
11 14a 3,792 3,355,200 56 75.8 5,977 427 0.563 0.990
11 14b 3,792 259,200 4 5.81 5,936 3.28 0.563 0.990
11 15a 3,072 2,726,100 56 61.6 5,977 347 0.563 0.990
11 15b 3,072 210,600 4 472 5,936 2.66 0.563 0.990
11 16a 7,104 4,400,000 39 902 54,227 257 0.286 0.441
11 16b 7,104 1,200,000 1 242 53,352 69.1 0.286 0.441
11 17a 7,176 1,260,000 1 1.56 328 1.25 0.8 0.99
11 17b 7,176 5,040,000 44 479 25,133 306 0.64 0.99
11 18a 7,176 740,000 7 0.916 328 0.733 0.8 0.99
11 18b 7,176 2,960,000 26 281 25,133 180 0.64 0.99
11 19 1,600 4,173,000 165 20.5 1,301 7.95 0.387 0.544
1 20 3,588 1,819,000 32 8.94 1,301 3.46 0.387 0.544
11 21 7,776 4,708,000 38 23.2 1,301 8.97 0.387 0.544
12 22a 1,368 3,600 0 0.0069 510 0.0056 0.8 0.99
12 22b 1,368 159,000 7 0.327 544 0.261 0.8 0.99
12 22c 1,368 33,000 2 0.064 509 0.051 0.8 0.99
12 22 1,368 208,000 10 0.399 508 0.319 0.8 0.99
12 23 1,170 47,000 3 1.81 10,217 0.308 0.17 0.31
12 24 720 132,000 12 0.499 1,000 0.319 0.64 0.99
13 25 7,000,000 3.18 120 0.540 0.17 0.31
13 26 8,760 4,000,000 29 51.3 3,391 246 0.48 0.95
14 27 792 120,000 10 13.6 30,012 10.9 0.8 0.99
15 28 960 1,824 0 0.051 7,371 0.041 0.8 0.99
15 29 840 5,625 0 0.349 16,433 0.279 0.8 0.99
15 30 96 1,028 1 0.192 49,514 0.154 0.8 0.99
15 3 192 2,056 1 0.385 49,514 0.308 0.8 0.99
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TABLE 9. CHARACTERISTICS OF INDIVIDUAL WASTEWATER

discharged from a given process.

STREAMS (CONTINUED)
WW_  Process WWiflow WWflow HAP HAP~ Uncontrolled
stream operation, rate, rate, load, conc., emissions, Average Average
Plant (a) hriyr gallyr I/min Ma/yr ppmw Mg/yr Fe Fr
15 32 5,784 1,857,146 20 10.7 1,527 8.57 0.8 0.99
17 33 7,896 4,026,000 32 0.427 28 0.330 0.774 0.990
17 34 8,064 24,917,933 195 814 865 29.1 0.358 0.620
19 35a 6,318 675,500 7 1.02 401 0.348 0.34 0.99
19 35b 6,318 1,680,000 17 2.54 401 0.864 0.34 0.99
19 35¢c 6,318 10,080,000 101 15.3 400 5.19 0.34 0.99
19 35d 6,318 10,080,000 101 15.3 400 5.19 0.34 0.99
20 36 840 220 0 0.041 49,111 0.015 0.36 0.62
21 37a 8,400 1,512,000 11 0.774 136 0.132 0.17 0.31
21 37b 8,400 4,536,000 34 5.15 300 0.875 0.17 0.31
21 37c 8,400 85,909 1 0.00029 1 0.00005 0.17 0.31
21 37d 8,400 1,008,000 8 0 0 0 0.17 0.31
21 37e 8,400 2,520,000 19 145 15,197 246 0.17 0.31
21 37f 8,400 1,260,000 9 81.6 17,145 13.9 0.170 0.310
21 37g 8,400 14,407,848 108 109 1,993 25.5 0.235 0.381
21 37h 8,400 800 0 0.0264 8,726 0.0045 0.17 0.31
21 37 8,400 10,500 0 0.242 6,111 0.044 0.183 0.324
21 37j 8,400 3,500 0 0.144 10,860 0.061 0.425 0.585
21 37k 8,400 22,165,920 166 149 1,783 293 0197 0.339
21 37 8,400 140,000 1 0.405 765 0.069 0.17 0.31
21 37m 8,400 157,500 1 0.215 362 0.037 0.17 0.31
21 38a 4,079 5,250,000 81 90.9 4,581 17.5 0.193 0.335
21 38b 4,079 30,100 0 0.222 1,954 0.072 0.324 0.477
21 38c 4,079 145,950 2 0.136 247 0.109 0.8 0.99
21 38d 4,079 504,000 8 0.0059 3 0.0047 0.8 0.99
22 39 1,036 222,071 14 0.032 38 0.025 0.8 0.99
22 40 456 777,600 108 0.658 224 0.527 0.8 0.99
22 41 300 705,600 148 0.627 235 0.502 0.8 0.99
22 42 8,760 3,513,600 25 143 10,776 26.1 0.182 0.323
22 43 1,946 885,600 29 35,9 10,737 6.98 0.194 0.336
22 44 2,496 695,665 18 341 12,956 8.70  0.255 0.402
‘ 22 45 1,542 933,120 38 0.395 112 0.316 0.8 0.99
(a) The Tetter designations after the wastewater stream number indicate multiple streams are
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impact of differences in load, Fe, and flow on the cost
effectiveness may be easier to understand when using numerous
individual models rather than only a few average models. Second,
by using all of the streams as models, the baseline emissions
will not change with changes in the regulatory alternative
applicability criteria. Conversely, changes in the applicability
criteria would change the group of streams used as the basis for
each model, and this could result in changes to the baseline
emissions.

B. Approach 2

Under approach 2, three model streams were developed to
characterize streams that meet the applicability criteria for
control under the HON. The applicability criteria are a HAP
concentration greater than or equal to 10,000 ppmv at any flow
rate or a HAP concentration greater than or equal to 1,000 ppmv
at a flow rate greater than or equal to 10 liters per minute.
Characteristics for these three model streams are shown in
Table 10.

Examination of the flow rates and HAP loads for the
wastewater streams in Table 9 shows that a total of 27 of the 72
wastewater streams exceed the applicability cutoffs for the HON.
Based on the estimated population of these 22 processes at the
surveyed and modelled plants (Table 8), wastewater streams from
40 processes would need to be controlled (note that streams from
processes 13 through 21 at the surveyed plants are already
controlled). In situations where a facility generates multiple
wastewater streams, an aggregated stream was developed for use in
costing analyses. For example, streams 29, 30, 31, and 32 were
aggregated for surveyed plant 15; streams 37 and 38 were
aggregated for surveyed plant 21; and streams 42, 43, and 44 were
aggregated for surveyed plant 22. These streams were not
aggregated for a model plant because no information is available
to suggest that multiple processes similar to those at any of the
surveyed plants would be located at any other individual plant.
However, streams 13a, 1l4a, and 1l5a were combined for a single
model plant because these streams are generated by flexible
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TABLE 10. CHARACTERISTICS OF MODEL WASTEWATER STREAMS

Models

Parameters LFr HFr HW
Flow rate, gal/yr 9,000,000 2,500,000 20,500
HAP loading, Mg/yr 278 91.4 1.1
HAP concentration, ppmw 8,200 9,700 14,400
Process operating time, hr/yr 6,100 4,000 820
Uncontrolled emissions, Mg/yr 66 57 0.255
Number of POD’s 10 11 9

processing equipment that is used to produce three similar
products at a surveyed plant; it was assumed that similar
flexible operating equipment would exist a a model plant.
Similarly, streams from processes 19, 20, and 21 were aggregated.
Aggregating the streams from multiple processes at a plant
resulted in 30 wastewater streams to control. The
characteristics of these 30 streams are shown in Table 11. These
30 streams were classified into three groups. The first group
consists of streams with HAP’s that only have high Fr values.
The second group contains streams with at least one HAP that has
a low Fr value. The third group contains small-volume streams
for which disposal as a hazardous waste was determined to be less

7 These three

costly than on-site treatment in a steam stripper.
groups are represented by models LFr, HFr, and HW, respectively.
As shown in Table 10, 10 streams were represented by model LFr,
11 streams were represented by model HFr, and 9 streams were
represented by model HW.

The characteristics of the models in Table 10 were based on
the characteristics of the streams in the three groups in Table
11. The HAP loads, process operating hours, and uncontrolled

emissions for all three models, and the wastewater flow rate for
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model HW, were based on the average values of these parameters
from the streams that they represent.

The wastewater flow rates for models LFr and HFr were
estimated using values that resulted in approximately the same
nationwide control cost as the sum of the costs to control
wastewater streams from the individual processes. Algorithms
used to estimate costs are described in the cost impacts
memorandum.’ As shown in Table 8, wastewater flow rates varied
over a wide range. Because the relationship between flow rate
and total annual cost is not linear, using arithmetic mean
flowrates in the models resulted in overstated nationwide costs,
and median flowrates resulted in understated costs. Therefore,
values between the arithmetic mean and median values were
selected. The HAP concentrations were calculated based on the
load and flowrate for the model.

VI. Bag Dumps and Product Dryers

Only two surveyed facilities had particulate (PM) HAP
emissions from bag dumps and product dryers; both were controlled
to the level of the MACT floor.% Any other facilities in the
industry that have PM HAP emissions from bag dumps and product
dryers were assumed to be controlled to the same level.
Therefore, no model bag dumps or product dryers were developed.
VII. Model Plants for Existing Sources

This section describes the procedure that was used to
develop four model plants. The model plants consist of various
combinations of the model process vents, equipment components,
storage tanks, and wastewater systems that were developed in
sections ITI through V. The components of each model plant are
shown in Table 12.

The procedure used to develop the model plants consisted of
three basic steps. First, each of the actual emission points at
the 20 surveyed plants was represented with a model emission
point, and the plants were categorized into groups with similar
characterisitics. Second, the distribution of model processes at
the 58 modelled plants was estimated. Third, model emission

points were assigned to each of the model plants to achieve two
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TABLE 12. MODEL PLANT CHARACTERISTICS

No. of model emission points
per model plant

Model emission points A B C D Total?
No. of model plants 26 12 15 5 58
nationwide
Process vents

Model No. 1 1 0 1 1 46

Model No. 2 0 1 0 2 22

Model No. 3 0 0 1 0 15

Model No. 4 0 0 0 2 10
Equipment leaks

Model batch process 1 2 2 3 95

Model continuous process 0 0 1 2 25
Storage tanks

Model 1B 1 0 0 0 26

Model 2B 0 0 0 1 5

Model 3B 0 0 1 0 15
Wastewater streams

Model LFr 0 0 0 1 5

Model HFr 0 1 0 0 12

Model HW 0 0 1 0 15

QTotals for the model emission points are calculated using
the total number of model plants multiplied by the number of
model emission points.
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objectives: (1) that the characteristics of the model plants be
as consistent as possible with the average characteristics of the
groups of surveyed plants and (2) that the nationwide population
and distribution of emission points using the model plants be
similar to the nationwide population and distribution of the
individual model emission points developed in sections II through
V of this memorandum. These steps are described in more detail
below.

The first step in developing the model plants was to assign
model processes, equipment component counts, storage tanks, and
wastewater systems to each of the actual corresponding types of
emission points at the 20 surveyed plants. Each of the model
emission points characterize emission points that would be needed
to implement controls to meet the proposed standards.? Model
processes were assigned to each surveyed process with
uncontrolled organic HAP emissions =0.15 Mg/yr (=330 1lb/yr)
and/or HCl emissions =6.8 Mg/yr (7.5 tons/yr); all surveyed
processes were included because all processes at the modelled
plants were assumed to have organic HAP controls below the level
of the standard. Model equipment component counts were assigned
to each of the 88 surveyed processes that had organic HAP
emissions, regardless of the level. Model storage tanks were
assigned to represent storage tanks that would need to add
controls to meet the MACT floor; thus, only three of the nine
model tanks were needed. Model wastewater streams were assigned
to represent each wastewater stream that meets the concentration
and load criteria described in section V.B. The plants were then
categorized into four groups with similar characteristics. These
four groups are shown in Table 13.

The second step was to determine the number of processes at
each of the 58 modelled plants. As noted in Section II, the 58
modelled plants were assumed to have an average of two processes
per plant, for a total of 116 processes. To approximate two
processes per plant, 52 percent of the 58 plants were assumed to
have one process (30 plants), 31 percent have two processes (18
plants), and 17 percent have 5 processes (10 plants). This
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distribution is similar to the distribution in the 1986 OW
survey.3 Data from the surveyed plants were extrapolated to
estimate that only 93 of the 116 processes have uncontrolled
organic HAP emissions =20.15 Mg/yr (2330 lb/yr) and/or
uncontrolled HCl emissions =6.8 Mg/yr (7.5 tons/yr). The
estimated distribution of these 93 processes at the 58 plants is
shown in Table 14. The 38 plants with 1 process were split
between model plants A and B in Table 11 in such a way as to
achieve approximately the same number of model processes no. 1
and no. 2 as in Table 3.

Although there are similarities among plants in each of the
groups in Table 13, there are also many differences. Model
plants based simply on the most prevalent characteristics in each
group would have a distribution of emission points that is
inconsistent with the distribution developed in sections II
through V of this memorandum. Therefore, the third step was to
assign model emission points in such a way that the two
approaches result in approximately the same total number and
distribution of emission points. The number of model processes
assigned to model plants A, B, and C was based on the average
number of processes at the surveyed plants in groups I, II, and
III; model plant D was assigned five processes instead of the
average of six at the surveyed plants in group IV because (1) the
analysis above estimated five processes for the largest model
plant and (2) five is the median number of processes at the
surveyed plants in group IV. Distributing model processes among
the model plants in the same ratio as at the surveyed plants did
not result in the correct nationwide distribution of model
processes; therefore, assignments were adjusted as necessary to
achieve the correct nationwide distribution. Model processes for
equipment leak emissions correlated with the model processes at a
model plant, except that an extra batch process was added to
model plants B and C to account for processes with process vent
emissions below the 0.15 Mg/yr threshold.

At the surveyed plants, storage tanks were concentrated at
plants in group IV. If the same distibution were used at model
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TABLE 14. DISTRIBUTION OF PROCESSES AT MODEL PLANTS
Nationwide No. of plants with
processes that emit organic HAP . .
>0.15 Mg/yr Nationwide No. (?f
No. of | No. of model | Total No. of processes that emit
processes plants processes 1 process | 2 processes | 5 processes organic HAP
per plant | nationwide nationwide | per plant | per plant per plant =>0.15 Mg/yr
1 30 30 30 0 0 30
2 18 36 8 10 0 28
5 10 50 0 5 5 35
Total 58 116 38 15 5 93
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plants, the nationwide number of tanks would be under
represented. Therefore, one model tank was also assigned to
model plants A and C.

At the surveyed plants, most of the wastewater streams (17
out of 22) were at plants in group IV; the others were at plants
in groups and III. Assigning most of the model streams to model
plant D would under represent the number of wastewater streams.
Therefore, model plant B was assigned a model wastewater stream.
These model wastewater stream assignments result in approximately
the correct total number of wastewater streams, but the
distribution is biased towards model stream 3.

Table 15 compares the nationwide number of model emission
points developed by the two approaches. Because there are
differences, the nationwide cost and environmental impacts also
would be different for the model plants than for the sum of the
individual model emission points. However, the model plants
should characterize the range of plants in the industry,
especially those with few processes.

VIII. Model Plantg for New Sources

The four model plants used to characterize existing sources
were also used to characterize new sources, but the nationwide
allocation of each model is lower for new sources. Average
annual growth rates in PATI sales in the five years after the
standards are promulgated were estimated to be about 2 percent.
This rate translates into a total of 8 new facilities that would
be subject to the standards (78%(1.02°-1)=8) .8 It was assumed
that the plant size distribution for new sources would be the
same as for existing sources. Thus, the model plants were
allocated as follows: three of model plant A, two of model plant
B, two of model plant C, and one of model plant D.
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TABLE 15. COMPARISON OF TOTAL MODEL EMISSION
POINTS BY TWO APPROACHES

No. of model emission points
Individual
emission Model plant
Model emission point point basis basis

Process vents

Model No. 1 48 46

Model No. 2 19 22

Model No. 3 14 15

Model No. 4 12 10
Equipment leaks

Model batch process 90 95

Model continuous process 26 25
Storage tanks

Model 1B 26 26

Model 2B 6 5

Model 3B 12 15
Wastewater systems

Model LFr 10 5

Model HFr 11 12

Model HW 9 15
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I. Introduction

The purpose of this memorandum is to present the estimated
baseline HAP emissions for the pesticide active ingredient (PAI)
production industry. The emissions were calculated for five
types of emission points: process vents, equipment leaks,
storage tanks, wastewater systems, and bag dumps and product
dryers. The emissions are for an estimated 78 sources
nationwide.

For each type of emission point, site-specific emissions
are presented for 20 plants that responded to EPA information
requests (i.e., "surveyed" plants). Also presented are
nationwide emissions for models that represent the emission
gsources at the other 58 plants.

Table 1 shows the estimated total baseline emissions are
about 6,750 Megagrams per year (Mg/yr) (7,450 tons per year
[tons/yr]). Baseline emissions from equipment leaks account for
approximately half of the total. Combined, emissions from
process vents and wastewater systems account for the other half.
Emissions from storage tanks and bag dumps and product dryers
account for less than 1 percent of the total baseline emissions
from PAI production plants.



TABLE 1. BASELINE HAP EMISSIONS IN THE PAIXI
MANUFACTURING INDUSTRY

Baseline HAP emissions
Emission source Mg/yr Percent of total

Process vents 1,770 26
Equipment leaks 3,410 50
Storage vessels 37.3 0.6
Wastewater systems 1,530 23
Bag dumps and 8.5 0.1
product dryers
Total 6,750 100

The remainder of this memorandum is divided into six
sections. Sections II through VI provide additional details
about the emissions from each of the five types of emission
points. The procedures used to estimate the emissions are also
presented in Sections II through VI. Section VII lists the
references.

IT. Process Vents

Table 2 shows the uncontrolled and baseline emissions from
process vents at PAI production plants. For the surveyed plants,
the emissions are based on the actual emissions that were
reported for all of the processes at each plant.

For the modelled plants, the uncontrolled emissions per
model process and the estimated population of each of the four
model processes are presented in the model plants memorandum.
The product of these values yields the nationwide uncontrolled
emissions per model process that are shown in Table 2. The
control efficiency for organic HAP for the model processes was
estimated to be 80 percent; this control efficiency is equal to
the arithmetic mean control efficiency for 72 processes with
organic HAP emissions of 0.15 Mg/yr (0.17 ton/yr) or greater at
the surveyed plants (i.e.2 processes that were used as the basis
for the model processes).

A similar method was used to estimate the combined HCl and
chlorine (HCl) control efficiencies for the model processes.
Sixteen of the surveyed processes had HCl emissions equal to or
greater than the MACT floor applicability cutoff of 6.8 Mg/yr
(7.5 ton/yr).l' The average control efficiency for these
processes was over 93 percent; thig value is close to the MACT
floor control level of 94 percent. Therefore, the 16 processes
were divided into two groups. Eleven processes with HC1l control
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efficiencies over 94 percent were in one group, and five
processes with HCl control efficiencies below 94 percent were in
the second group. The average HCl control efficiencies for the
two groups were 99 and 80 percent, respectively. Therefore, for
the models with HCl emissions (models 2 and 4), approximately

69 percent are controlled to 99 percent, and 31 percent are
controlled to 80 percent.

ITI. Equipment Leaks

Table 3 shows the uncontrolled and baseline emissions from
equipment leaks at PAI production plants. For the surveyed
plants, uncontrolled emissions for equipment leaks were
calculated by two procedures. The first procedure was used for
the 30 processes for which equipment count data were available.
Emissions from most of these processes were calculated using
actual equipment counts and actual operating hours. When actual
operating hours were not available for a process, the emissions
were estimated using average operating hours (i.e., the hours
from the equipment leak models). In all but one case, the
uncontrolled emissions were based on average SOCMI emission
factors. Light liquid factors were used for liquid valves and
pumps because each process with organic HAP in the process fluid
had at least one compound that woulg satisfy the vapor pressure
condition for light liquid service. Two processes with only
inorganic HAP in the process fluid were assumed to have no
equipment leak emissions. The exception to the use of SOCMI
average emission factors was for one plant that provided initial
leak rates for some componen%s, which could be used in the
average leak rate equations. Detailed calculations for each
process are provided in the attachment to this memorandum. The
second procedure was based on the use of model equipment counts
and operating hours and average SOCMI emission factors. The
model plant memorandum presents the component counts for the
batch and continuous models; it also gives the ngmber of
processes that were represented with each model.

Baseline emissions for six of the surveyed plants were
estimated based on information about leak detection and repair
(LDAR) programs that were implemented for some or all of their
processes. The methodology used to estimate the baseline
emissions varied depending on the specifics of the LDAR program
in use. When the plant implemented an LDAR program with
requirements at least as stringent as those under phase III in
40 CFR part 63 subpart H, the control effectiveness was estimated
to be 92 percent for gas valves, 88 percent for light liquid
valves, 75 percent for pumps, and 93 percent for connectors.”:”’
When the leak definition and monitoring frequency of the LDAR
program corresponded with guidance in the CTG on equipment leaks
for SOCMI and polymer production equipment, the control
effectiveness was estimated to be 64 percent for gas valves,

44 percent for light liquid valves, 33 percent for light liquid
pumps, and no control for connectors. Baseline emissions for



TABLE 3. BASELINE HAP EMISSIONS FOR EQUIPMENT LEAKS

Uncontrolled Baseline
emissions, Control emissions,
Plant Mg/yr efficiency, % Mg/yr
Surveyed plants
1 56.8 30.5 39.5
3 137 0 137
5 48.1 0.7 47.8
6 0.56 0 0.56
7 57.7 0 57.7
8 69.0 0 69.0
9 14.2 24.6 10.7
10 90.6 76.1 21.6
11 242 0 242
12 80.4 0 80.4
13 22.7 0 22.7
14 56.7 0 56.7
15 107 76.5 25.1
16 02 N/A 0@
17 128 90.2 12.6
19 11.3 0 11.3
20 22.7 0 22.7
21 79.4 0 79.4
22 136 0 136
23 126 0 126
Models
Model 1 1,020 0 1,020
Model 2 1,200 0 1,200
Total 3,700 3,410

dThe only HAP used at this plant is a granular organic raw
material.
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the other 14 surveyed plants were assumed to be the same as the
uncontrolled emissions. Detailed calculations for each process
at these six plants are provided in the attachment to this
memorandum.

The uncontrolled equipment leak emissions from the
116 processes at the 58 model facilities were estimated using the
equipment leak models and the estimated population of thsse
models that are presented in the model plant memorandum. The
product of these values gives the nationwide uncontrolled
emissions per model, as shown in Table 3. The control efficiency
for the models was assumed to be 0 percent for two reasons.
First, the average control efficiency of the five surveyed plants
that were not used in the MACT floor determination was only
7 percent. This efficiency is much lower than would be expected
with any existing contrgl programs such as those in the 1984 CTG,
Subpart VV, or the HON. 9" Second, many of the surveyed plants
were selected on the basis that they were likely to be better
controlled than the rest of the industry; thus, even 7 percent
may be high. Therefore, baseline emissions were estimated to be
equal to the uncontrolled emissions.

IV. Storage Tanks

Three approaches were evaluated for determining the
baseline HAP emissions from storage tanks in the PAI production
industry. Each approach uses the actual emissions for the
storage tanks at the surveyed plants and estimated emissions for
model storage tanks at the modelled plants. The estimates differ
under the three approaches because different methodologies were
used to estimate current control efficiencies for the model
storage tanks. The methodologies for the three approaches are as
follows:

1. Assume the control efficiency for modelled tanks is
0 percent;

2. Assume the average control efficiency for tanks at
surveyed plants is representative of the efficiency for modelled
storage tanks; or

3. Assume the average control efficiency for surveyed
storage tanks not at the top 12 percent facilities, i.e., the
average efficiency at non-MACT floor plants, is the control
efficiency at each of the modelled tanks.

The number of storage tanks and their uncontrolled
emissions and other characteristics were developed in separate
analyses. The surveyed plants reported a total of 82 storage
tanks that contain organic HAP. Nine model storage tanks were
developed to represent an estimated total of 238 storage tanks at
the modelled plants.

Approach 1 would overestimate the baseline emissions
because it is unlikely that the 11 surveyed plants with storage
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tank controls are the only plants in the industry that control
storage tank emissions. If all of the modelled storage tanks
were assumed to be uncontrolled, the baseline emissions would be
172 Mg/yr (190 ton/yr).

The second approach would provide an average control
efficiency for each of the nine model storage tanks and a lower
estimate of baseline emissions than Approach 1. Under this
approach, control efficiencies for B and C models range from
0 percent to 50 percent. The average Sontrol efficiency for A
models was estimated to be 95 percent. The baseline emissions
would be 37.3 Mg/yr (41.1 ton/yr) with this approach.

Approach 3 was developed because it was expected that the
control efficiencies might be lower at the non-MACT floor plants.
However, the average control efficiencies for the 40 tanks at the
non-MACT floor plants and the 42 tanks at the MACT floor plants
are actually similar. The control efficiencies are similar
because storage tank emissions make up such a small portion of a
plant’s overall emissions that they do not affect a plant’s
overall HAP control efficiency or its overall ranking in the MACT
floor analysis. As a result, the baseline emissions for
Approaches 2 and 3 are similar. The baseline emissions for
Approach 3 would be 36.5 Mg/yr (40.2 ton/yr).

Approach 2 is believed to be the simplest, most reasonable
approach and was used to estimate the baseline emissions from the
modelled storage tanks. Table 4 provides the baseline emissions
from the 82 surveyed storage tanks and the 238 modelled storage
tanks. The baseline emissions level for tanks is 37.3 Mg/yr
(41.1 ton/yr). These emissions are approximately two orders of
magnitude lower than the emissions from process vents, equipment
leaks, and wastewater systems.

V. Wastewater Systems

Table 5 shows the uncontrolled and baseline emissions from
wastewater systems at surveyed and modelled PAI production
plants. Uncontrolled emissions for the surveyed plants were
based on the fraction of the reported loading with a potential to
volatilize from the water. The reported loadings and calculated
uncontrolled emissions were presented in the data summary
memorandum. Baseline emissions for 15 of the surveyed plants
were assumed to be the same as the uncontrolled emissions because
only biotreatment or no treatment was received before discharge
(one of the 15 plants did not provide loading data). Three of
the surveyed plants used incineration or either steam or air
stripping followed by incineration to treat some or all of the
wastewater. The methodology used to calculate the controlled
emissions for wastewater streams at these_three plants was also
described in the data summary memorandum. Wastewater streams at
two of the surveyed plants contained no HAP.



TABLE 4. BASELINE HAP EMISSIONS FOR STORAGE VESSELS
Total Total
uncontrolled Control Baseline uncontrolled Control Baseline
Number | emissions, efficiency, emissions, emissions, efficiency, emissions,

Model of tanks Mg/yr percent Mg/yr Model Mg/yr percent Mg/yr
Surveyed plants Modeled plants
Basis of 9 5.76 98 0.115 Model 1-A 16.6 95 0.832
Model 1-A (26 tanks)
(9 tanks)
Basis of 5 1.24 0.0 1.24 Model 1-B 6.93 11 6.17
Model 1-B (26 tanks)
(9 tanks) 1 0.553 4.0 0.531

1 0.231 13.2 0.201

1 0.118 41 0.0694

1 0.260 42 0.151
Basis of 12 0.204 0.0 0.204 Model 1-C 2.08 45 1.14
Model 1-C (67 tanks)
(23 tanks) 1 0.0456 89 0.0050

3 0.121 90 0.0121

1 0.0451 95 0.0023

5 0.241 98 0.0048

1 0.0555 99.5 0.0003
Basis of 8 3.34 98 0.0669 Model 2-A 9.62 95 0.481
Model 2-A (23 tanks)
(8 tanks)
Basis of 2 1.10 0.0 1.10 Model 2-B 3.30 0.0 3.30
Model 2-B (6 tanks)
(2 tanks)
Basis of 9 0.134 0.0 0.134 Model 2-C 0.540 18 0.442
Model 2-C (32 tanks)
(11 tanks) 2 0.0512 98 0.0010
Basis of 4 33.1 95 1.65 Model 3-A 112 95 5.60
Model 3-A (34 tanks)
(12 tanks) 8 6.49 98 0.130
Basis of 3 2.43 0.0 2.43 Model 3-B 10.5 6.0 9.88
Model 3-B (12 tanks)
(4 tanks) 1 1.08 25 0.809
Basis of 2 0.165 0.0 0.165 Model 3-C 0.869 50 0.435
Model 3-C (12 tanks)
(4 tanks) 2 0.125 98 0.0025
Total 56.9 9.02 163 28.3




TABLE 5. BASELINE HAP EMISSIONS FOR WASTEWATER SYSTEMS

Uncontrolled Baseline
emissions, Control emissions,
Plant Mg/yr efficiency, % Mg/yr
1 6.17 0 6.17
3 1.84 0 1.84
5 2.17 0 2.17
6 0 N/A 0
7 0.835 0.835
8 42.5 a 0
9 b b
10 0.173 93.2 0.0117
11 931 9.31
12 1.26 1.26
13 25.1 1.9 24.7
14 10.9 0 10.9
15 9.35 0] 9.35
16 0 N/A 0
17 29.4 0 29.4
19 11.6 0 11.6
20 0.0147 a 0
21 112 0 112
22 43.1 0 43.1
23 c 0 c
Model 1,260 0 1,260
wastewater
streams
Total 2,490 1,530

dpeep-well injection, 100 percent control efficiency.
bress than 5 ppmw.
CNo data provided.
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The uncontrolled emissions per model wastewater stream and
the estimated population of_each model stream are presented in
the model plant memorandum. These data were used to estimate
nationwide uncontrolled emissions of 1,260 Mg/yr (1,390 ton/yr)
for the modelled portion of the industry, as shown in Table 5.
The control efficiency of treatment systems for the model streams
was assumed to be zero percent. This value was selected because
the control efficiency was zero for most of the surveyed
facilities, including 8 of the 11 plants that were not used in
the MACT floor analysis (of the other three, one had a control
efficiency of 93 percent, one had a control efficiency of
2 percent, and one had no HAP in its wastewater). Thus, baseline
emissions for wastewater streams at the model plants were
estimated to be equal to the uncontrolled emissions.

Table 6 presents the nationwide emissions for all
45 processes with wastewater streams at both the surveyed and
model plants. The model plant memorandum describes the basis fSr
uncontrolled emissions and the population of each model stream.
Streams for which the baseline emissions are lower than the
uncontrolled emissions represent the controlled streams at
surveyed plants 10, 11, and 13.

VI. Bag Dumps and Product Dryers

Two of the surveyed plants emitted particulate matter HAP;
one facility emitted from a product dryer, and the other emitted
from a raw material bag dum.p.1 The total emissions from these
two plants was 8.5 Mg/yr (9.3 tons/yr). Because they were
uncommon at the surveyed plants, no bag dumps or product dryers
were included in the model plants analysis. Therefore, the
nationwide baseline emissions from bag dumps and products dryers
was estimated to be equivalent to the emissions from the surveyed
plants.
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Docket No. A-95-20
Category 1I-B
The following information is located in the confidential files of the Director, Emission
Standards Division, Office of Air Quality Planning and Standards, U. S. Environmental Protection

Agency, Research Triangle Park, North Carolina 27711. This information is confidential pending
final determination by the Administrator and is not available for public inspection.

Attachment to Baseline Emissions Memorandum (part of docket item II-B-21).

This attachment consists of calculated uncontrolled and controlled equipment leak
emissions for 30 processes at 8 plants. The confidential material consists of 17 pages of data.



